Background. Administration of convalescent plasma may be of clinical benefit for treatment of severe acute viral respiratory infections. However, no clear evidence exists to support or oppose convalescent plasma use in clinical practice. We conducted a systematic review and meta-analysis to assess the evidence of randomized controlled trials (RCTs) in the convalescent plasma for the treatment of severe influenza.
Introduction
Viral pneumonia is a major cause of morbidity and mortality around the world (1, 2) . The causative organisms for viral pneumonia vary greatly. The emergence of severe acute respiratory syndrome coronaviruses (SARS-CoV) (3), avian influenza A (H5N1) virus (4) and the Middle East respiratory syndrome coronaviruses (MERS-CoV) (5) played an important role as the causes of severe pneumonia successively.
And now attention is turning to a novel coronavirus (SARS-CoV-2).
Since December 2019, an increasing number of cases of pneumonia infected by SARS-CoV-2 have been reported in China (6) (7) (8) . Up to our knowledge, there was no effective antiviral for the infection. The current approach to clinical management was general supportive care, provided with critical care and organ support when necessary.
It has been suggested that administration of high-titre anti-influenza immune plasma, derived from convalescent or immunised individuals, may yield a clinical effect for treatment of seasonal and pandemic influenza of viral etiology (9) (10) (11) . It was reported that convalescent plasma treatment reduced the hospital stay and mortality in patients with SARS-CoV infection and severe influenza A (H1N1) (9, 12) . Furthermore, systematic reviews of studies using convalescent plasma also found evidence of clinical benefit for such patients (9, 13) . Therefore, convalescent plasma may be promising in patients with SARS-CoV-2 infection (COVID- 19) , particularly in those presented with critical illness. However, the underlying evidence based on previous studies was of poor quality because few of them was randomized trial. And recently, randomized controlled trials had shown that convalescent plasma or hyperimmune intravenous immunoglobulin (H-IVIG) prepared from pooled plasma obtained from convalescent patients conferred no significant benefit over placebo for patients with influenza infection (14, 15) , which was contrast to the previous studies.
Therefore, we conducted a systematic review and meta-analysis to evaluate the clinical efficacy of either convalescent plasma or hyperimmune immunoglobulin for the treatment of severe influenza, to help inform clinical management of SARS-CoV-2 infection.
Inclusion and exclusion criteria
We included prospective randomized controlled trials (RCTs) involving patients with influenza treated by convalescent plasma and hyperimmune immunoglobulin. We limited publications to the English language. We excluded crossover trials, before-after studies, conference presentations, abstract publications, case reports and editorials. Case series or other studies with no comparator will also be excluded.
Search strategy
Two reviewers (Z.H.X and J.M.Z) executed the search strategy in February 2020. To increase the sensitivity of our search strategy, we combined the terms "influenza" with "convalescent plasma" or "convalescent serum" or "hyperimmune immunoglobulin" or "immune plasma" or "H-IVIG" as key words or Medical Subject Headings (MeSH) terms. We searched 4 databases (Pubmed, EMBASE, Scopus, and Web of Science) from electronic databases inception to February 10th, 2020. We systematically screened abstracts and full text publications for studies that met our eligibility criteria.
Definitions
The study population of interest was patients of any age or sex who were hospitalized with influenza with a laboratory-confirmed viral infection. The intervention was convalescent plasma, serum, or hyperimmune immunoglobulin derived from convalescent or immunised individuals. Comparator treatments included placebo, low titre plasma, or sham therapy.
Outcomes
The primary outcome of this review were case-fatality rates by influenza, reflecting the efficacy of convalescent plasma and hyperimmune immunoglobulin therapy. Secondary outcomes included antibody levels, cytokine levels, viral loads, incidence of serious adverse events, days on mechanical ventilation, ICU and hospital.
Data abstraction
Two investigators (Z.H.X and J.M.Z) independently reviewed and abstracted data from each retrieved article and supplement. Discrepancies were resolved by discussion and consensus.
Quality assessment
We assessed the quality of all included trials based on review of the details in the method section and supplements of included trials. We appraised trial quality using the Cochrane collaboration tool for assessing risk of bias (RoB) (16) including assessment of random sequence generation, allocation concealment, blinding (of interventions and outcome measurement or assessment), incomplete outcome data, selective reporting bias and other potential sources of bias (e.g., industry funding). For each criterion, we appraised the RoB to be either of low, high, or unclear risk (e.g., insufficient details). Two authors (Z.H.X, J.Z.M) independently assessed study quality and disagreements were resolved by consensus.
Assessment of heterogeneity
We used the I 2 statistic to evaluate the impact of heterogeneity on pooled results.
An I 2 value of greater than 50% indicated substantial heterogeneity (16) . We used fixed-effects models to pool data when heterogeneity was insignificant and the random effects models to pool data when significant heterogeneity was identified.
Statistical analysis
Categorical data was pooled using the odds ratios (ORs), with the 95% confidence intervals (CIs). Statistical analyses were conducted with Review Manager 
Results

Description of studies
We identified 2,861 potentially eligible studies. After exclusion of duplicate and irrelevant articles, 29 trials were retrieved to be reviewed in greater detail. Of these, we excluded 24 studies that did not meet our eligibility criteria and thus included 5 trials in our review ( Fig.1 ).
All of the 5 studies were multicenter randomized controlled trials. Hung et al had found that hyperimmune IV immunoglobulin (H-IVIG) administrated within 5 days of symptom onset was associated with a lower viral load and reduced mortality in patients with severe H1N1 infection (17) . The pilot study from INSIGHT FLU005 IVIG Pilot Study Group showed that H-IVIG administration significantly increased hemagglutination inhibition (HAI) titer levels among patients with influenza (18) .
Later, they performed an international, double-blind RCT, which shown that hIVIG had similar safety outcome of death and adverse events (15) . Furthermore, Beigel et al did a multicenter phase 2 trial and found that immune plasma provided support for a possible benefit of severe influenza (19) . Recently, their phase 3 trial had shown that high-titre anti-influenza plasma conferred no significant benefit of severe influenza A (14) ( Table 1) .
Risk of bias of included studies
The RCTs included were all assessed to be at low risk of bias with respect to attribution bias, reporting bias and selection bias except for 1 trial for which random sequence generation was deemed unclear (18) . The phase 2 trial of Beigel et al was an open-label study, which meant no binding was performed and resulting high risk of allocation concealment, performance bias and detection bias (19) . However, the phase 3 trial of Beigel et al was a multi-center, randomised, double-blind study with low risk of attribution, reporting and selection bias (14) . The trial of Davey Jr et al was found to be at low risks in dealing with every aspect (15) (Fig.2 ).
Primary outcome of mortality
There were 4 trials with extractable data included to assess the efficacy in reducing mortality of severe influenza by immune plasma (14, 15, 17, 19) . The pooled data (n=567) showed that immune plasma/H-IVIG had no significant difference in reducing the rate of deaths compared with placebo in patients with severe influenza (OR 1.06; 95%CI 0.51-2.23; p = 0.87; I 2 = 35%) ( Fig.3 ).
Secondary outcomes
Antibody Levels
It was reported that HAI titer levels significantly increased in the patients infected with influenza A and influenza B receiving H-IVIG. However, HAI titer levels decreased gradually after the first week treatment (15, 18) (Table 2 ).
Viral Loads and Cytokines
Hung et al had found that H1N1 viral loads were significantly lower in patients after convalescent plasma infused than in the control group. Furthermore, the cytokines, including IL-1ra, IL-10, and TNF-a, were also lower in the convalescent plasma treatment group (17) . However, in another large clinical trial, overall viral loads were decreased in both H-IVIG and placebo group during the first 3 days (p=0.49). There was 16% of H-IVIG group and 20% of placebo group had no detectable virus (p=0.15) after infusion. For subgroup with influenza B, the decline in viral loads was greater for the H-IVIG group than for the placebo group (p=0·053) (15) . In addition, there was no significant difference in influenza A and B viral loads and the time to virus becoming undetectable (19) ( Table 2 ).
Length of ICU/ Hospital Stay
Trials from Hung et al and Beigel et al had found that there was no significant difference in the length of ICU stay between the H-IVIG/immune plasma treatment group and the control group. Moreover, the length of hospital stay was similar between the two groups (14, 17, 19) . In addition, days on mechanical ventilation was similar between immune plasma treatment and standard care alone (14, 19) . Furthermore, there was no different in the proportion of patients alive and discharged at day 7 and day 28 in the two groups (15) ( Table 2) .
No adverse events related to treatment were reported in Hung's trial (17) . In addition, compared to placebo, H-IVIG didn't show serious adverse events in the FLU-IVIG Trial (15) . Fewer participants with immune plasma infusion had serious adverse events in an open-label RCT (19) , but later double-blind trial showed similar serious adverse events in the two groups, the most frequent of which were acute respiratory distress syndrome (14, 19) (Table 2 ).
Discussion
Our analyses suggested that convalescent plasma may not have a clinically relevant impact in reducing the rate of mortality in patients with influenza. We also found non-significant reductions in days in ICU and hospital, and days on mechanical ventilation. Of interest was the evidence for a benefit of increasing HAI titer levels and decreasing influenza B virus loads and cytokines after convalescent plasma treatment. No serious adverse events was reported.
The use of immune plasma has been recommended as a primary therapy for severe respiratory infectious diseases, including influenza, SARS, and MERS (9, 13, 19) . However, data supporting these recommendations are weak and limited to case reports, case series without control. For patients with Coronavirus Disease 2019 (COVID-19), we did not identify any report of convalescent plasma use for these patients in publication. Up to present, there an open-label, non-randomized clinical trial (NCT04264858) and a multicenter, randomized and parallel controlled trial (ChiCTR2000029757) was designed and registered. However, it may take time to perform such clinical trials in recruiting patients and collecting convalescent plasma. Therefore, in order to provide implications of convalescent plasma for COVID-19 clinical practice, we try to carry out a meta-analysis and systemic review only included RCTs of influenza to better evaluate the efficacy of convalescent plasma.
We included 5 high quality RCTs of convalescent plasma and H-IVIG use in severe influenza. The evidence for a reduction in mortality associated with convalescent plasma was strongest for influenza A (H1N1) (17) . But we should interpret this with an appropriate level of caution because of the limited sample size (n=17) and early use (onset within 5 days). In addition, the pooled data of 4 trails (n=567) that reporting death showed no benefit for reducing the mortality of severe influenza with the treatment.
For secondary outcomes, including days in ICU and hospital, and days on mechanical ventilation, 3 RCTs reported relevant data showed non-significant reductions between H-IVIG/immune plasma group and control group (14, 17, 19) . A and B (15, 18) , decreases influenza B viral loads (15) and cytokines levels in H1N1 (17) , there was no clinical benefit observed in patients receiving H-IVIG/immune plasma infusion.
Despite robust increases in HAI titres for influenza
According to the findings of high quality RCTs, we did not identify passive immunotherapy as an adjunctive therapy providing clinical benefit for patients with severe influenza. Therefore, for patients with COVID-19, clinicians should take such previous findings carefully into considerations before the use of convalescent plasma in critically ill SARS-CoV-2 infected patients. The composition of the plasma is complex. And the antibodies produced by the human body are matched with its own immune system. Transfusion reactions may occur in blood products administration (20, 21) . In addition, the titers of the antibody from convalescent may differ from each other. The standardized extraction and purification specific antibody may be a difficult and time consuming work, which might not suitable for the current outbreak of SARS-CoV-2. Finally, pilot study and control trials should be carried out to identify the optimal timing, dosage and indications in the use of H-IVIG/immune plasma in patients with COVID-19.
Conclusion
Available high quality evidence suggested that convalescent plasma/H-IVIG was safe but unlikely to reduce mortality in patients with severe influenza. Despite the current outbreak and emergency of SARS-CoV-2 affecting public health, convalescent plasma should be carefully taken into consideration before a welldesigned clinical trial was carried out. author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
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